Background and Objective: The objective of this study was to improve port wine stain (PWS) therapeutic outcome in response to laser therapy. Our specific aim was to determine whether the combined use of pulsed dye laser (PDL) therapy and topical Imiquimod versus PDL alone can improve PWS therapeutic outcome. Study Design/Materials and Methods: This pilot study involved a retrospective review of 20 subjects, all Asian, with PWS. Subject ages ranged between 3 and 56 years. Upon enrollment, three test sites were prospectively identified on each subject for treatment assignments to the following regimens: (A) PDLþImiquimod; (B) PDL alone; and (C) Imiquimod alone. PDL test sites received a single treatment with a 585 nm wavelength; 1.5 milliseconds pulse duration; spot size 7 mm using a light dosage of 10 J/cm 2 with cryogen spray cooling. For the PDLþImiquimod and Imiquimod alone test sites, subjects were instructed to apply Imiquimod topically to the sites once daily for 1 month after PDL exposure. Subjects were followed-up at 1, 3, 6, and 12 months after PDL exposure to evaluate each of the three test sites. The primary efficacy measurement was the quantitative assessment of blanching responses as measured by a DermoSpectrometer to calculate the hemoglobin-index of each site at 1, 3, 6, and 12 months after PDL exposure. Subjects were also closely monitored for any adverse effects. Results: Based on paired sample test analysis, there were clinically, and statistically significant, differences in blanching responses over time favoring PWS receiving PDLþImiquimod as compared to either PDL or Imiquimod alone (P<0.05). At 12 months, it should be noted that there was some evidence of redarkening of PWS test sites treated by PDLþImiquimod and PDL alone, presumably due to revascularization of blood vessels. However, based on comparison of the hemoglobin-indices determined at 1 and 12 months after PDL exposure, there was less revascularization of PWS test sites treated with PDLþImiquimod as compared to PDL alone (P<0.05). Transient hyperpigmentation was noted in 10% (n ¼ 2) and 40% (n ¼ 8) of subjects on the PDLþImiquimod and PDL alone test sites, respectively. On all sites, hyperpigmentation resolved spontaneously without medical intervention within 6 months. Permanent hypopigmentation or scarring was not observed on any test site.
INTRODUCTION
Port wine stain (PWS) is a congenital, progressive vascular malformation of the dermis [1] [2] [3] . Since twothirds of these malformations occur on the face, PWS is a clinically significant problem. PWS should not be considered a cosmetic problem but a disease with potentially devastating psychological and physical complications. Personality development is adversely influenced in virtually all patients by the negative reaction of others to a ''marked'' person [4] [5] [6] . In childhood, PWS are faint pink macules, but the lesions can potentially darken progressively to red-purple [7] . The subsequent hypertrophy of the underlying bone and soft tissue further disfigures the facial features of many patients. Histopathologic studies of PWS show a normal epidermis overlying an abnormal plexus of subsurface blood vessels located in the upper dermis [8] .
In the past, PWS treatment has included cosmetic coverup, skin grafting, ionizing radiation, dermabrasion, cryosurgery, tattooing and electrotherapy but none of these modalities provided cosmetically acceptable results. The development of lasers and their ability to damage selectively PWS blood vessels offered a new approach to the clinical management of these patients. Multiple laser devices have been utilized for the treatment of PWS birthmarks but the pulsed dye laser (PDL) has produced the best clinical results with the lowest incidence of adverse effects [9, 10] . Yellow light produced by the PDL is preferentially absorbed by hemoglobin, allowing selective destruction of the dilated ectatic capillaries in the upper dermis.
Although the PDL has become the treatment of choice for PWS birthmarks, only 10-20% of patients obtain 100% fading of their PWS even after many treatments [11] [12] [13] . PWS can recur after laser therapy due to reformation of blood vessels [14, 15] . There have also been anecdotal reports from both physicians and patients of PWS becoming darker and redder after PDL treatment.
Through selective photothermolysis, PDL exposure destroys subsurface PWS blood vessels in human skin. As a result, hypoxia, inflammation and edema are induced in the upper layers of PWS skin. Inflammatory cells migrate into the area secreting cytokines, which are potent upregulators of proangiogenic factors. The laser-induced wound healing response to PDL treatment often results in reformation of the PWS blood vessels. As a result, the degree of PWS blanching seen following PDL treatment remains variable and unpredictable. In a recent report, the use of combined PDL irradiation and a topically applied angiogenesis inhibitor was proposed [16] .
Angiogenesis inhibitors have been derived from a number of sources, including cleaved proteins, monoclonal antibodies, and natural products which contain a variety of chemopreventive compounds that can prevent the development of malignancies [17] . These compounds exert antiangiogenic and chemopreventive properties through a variety of mechanisms.
One such molecule is Imiquimod (Aldara, 3M Health Care Limited, Leicestershire, UK), a topical immune response modifier agent that inhibits neovascularization [18] [19] [20] . Imiquimod disrupts pathologic neovascularization which can promote disease progression. The antiangiogenic mechanisms of Imiquimod include: (1) induction of cytokines that inhibit angiogenesis (interferons, IFN-a,b,g, IL-10, IL-12, IL-18); (2) local up-regulation of endogenous angiogenesis inhibitors (IFNs, IP10, TIMP, TSP-1); (3) local down-regulation of pro-angiogenic factors (bFGF, MMP-9); and (4) promotion of endothelial apoptosis [21] .
The purpose of this pilot study was to inhibit the reformation and recanalization of PWS blood vessels after PDL therapy using Imiquimod as an antiangiogenic agent. The primary efficacy measurement was the quantitative assessment of blanching responses as measured by a DermoSpectrometer (Cortex Tech., Hadsund, Denmark) to calculate the hemoglobin-indices of test sites treated by PDLþImiquimod as compared, on a blinded basis, to PDL alone or Imiquimod alone. Safety was also evaluated by searching for adverse effects such as scarring or dyspigmentation on the test sites.
PATIENTS AND METHODS
The study protocol was approved by the Institutional Review Board (IRB) at Chang Gung Memorial Hospital, Taipei, Taiwan. All subjects (or parental guardians) signed the IRB approved consent form on study enrollment.
This pilot study involved a retrospective review of 20 subjects (12 females and 8 males) with PWS birthmarks treated with the PDL over a preceding 20-month period (May 2006 to December 2007). Subjects', all of whom were Asian, ages ranged between 3 and 56 years. Information regarding the following variables was extracted from charts: age, sex, PWS severity grade prior to laser treatment, number of treatments, duration of treatment, and improvement following laser therapy.
The following inclusion criteria were used: (1) PWS suitable for comparison testing; (2) PWS greater than 20 cm 2 ; and (3) apparent good health as documented by medical history. The following exclusion criteria were used: (1) inability to commit to a 1 year follow-up period; (2) pregnancy; (3) history of photodermatoses or skin cancer; (4) concurrent use of known photosensitizing drugs; and (5) any therapy within the previous two months to the proposed PWS test sites.
Upon enrollment, three test sites were prospectively identified on each subject for treatment assignments to the following regimens: (A) PDLþImiquimod; (B) PDL alone; and (C) Imiquimod alone. Sites were assigned to one of the three treatment regimens by randomization. Every effort was made to place the test sites on optically uniform areas of the PWS. This was done to ensure that clinically relevant PWS characteristics and geometry (i.e., epidermal melanin concentration, blood vessel size and depth) did not substantially vary between each of the test sites on an individual patient basis. Photographs were taken of the test sites after treatment regimen assignment and at each follow-up visit.
PDL test sites received a single treatment using the ScleroPLUS 1 [Candela (Wayland, MA)] laser (585 nm wavelength; 1.5 milliseconds pulse duration; spot size 7 mm) at a light dosage of 10 J/cm 2 . Dynamic cooling device parameters were a 30 milliseconds cryogen spurt with a delay of 30 milliseconds between spurt termination and delivery of the laser pulse.
Imiquimod cream 5% w/w (Aldara, 3M Health Care Limited, Leicestershire, UK) was obtained from the pharmacy of the Chang Gung Memorial Hospital. Imiquimod is currently approved by the US Food and Drug Administration for the treatment of actinic keratoses, superficial basal cell carcinomas and genital warts [22] [23] [24] . This study represented an off-label use of Imiquimod. Subjects were provided with samples of Imiquimod for the study duration at no cost. For the PDLþImiquimod and Imiquimod alone test sites, subjects were instructed to apply Imiquimod topically as a thin layer once daily for one month after PDL exposure.
Subjects were followed-up at 1, 3, 6, and 12 months after PDL exposure. Although PWS appearance is used as a diagnostic indicator, lesion color is strongly dependent on the observer's viewing orientation and spectral radiance of ambient room lighting. Therefore, the primary efficacy measurement was the quantitative assessment of blanching responses as measured by a DermoSpectrometer (Cortex Tech., Hadsund, Denmark) [25, 26] to calculate the hemoglobin-index at each follow-up visit for each of the three test site treatment regimens [(A) PDLþImiquimod; (B) PDL alone; and (C) Imiquimod alone]. The device emits light from diode sources at three defined wavelengths. The amount of light backscattered from the skin is then used to determine the indices for melanin (not studied herein) and hemoglobin.
As stated above, test sites were assigned by randomization such that the individual performing the DermoSpectrometer measurements was blinded as to the treatment regimen used on an individual test site. It should be noted that it was possible to compress blood out of the skin during the DermoSpectrometer measurement resulting in an artifact in the hemoglobin-index measurement. Therefore, care was taken to make each measurement with the device in contact with the skin but without the application of pressure to the test site. Because single spectrometer measurements can be unreliable due to difficulty locating the exact position five separate measurements were made on each test site and averaged at each follow-up visit. Differences between the mean blanching responses for the three treatment regimens were then determined and analyzed by a paired sample test analysis.
Subjects were also closely monitored for any adverse effects. Safety was evaluated by examining each of the test sites for any abnormal wound healing (blistering, scabbing, erosion), scarring, dyspigmentation, or allergy to Imiquimod cream. Scarring was defined as a permanent raised hypertrophic, depressed or atrophic skin texture on the test sites. Dyspigmentation was defined as a transient (resolving within 1 year post-treatment) or permanent change in skin color on the test sites as compared to adjacent normal skin.
RESULTS

For each of the assigned treatment regimens [(A)
PDLþImiquimod; (B) PDL alone; and (C) Imiquimod alone], the hemoglobin-indices of the test site blanching responses were determined Pre-PDL, and 1, 3, 6, and 12 months following PDL (Table 1) . Five separate measurements were made on each test site and averaged at each follow-up visit. The means reported are the average values for all 20 subjects enrolled in the study.
For the Imiquimod alone test sites, there was no reduction in the hemoglobin-index. Inasmuch as there was no PDL-induced blood vessel disruption, as expected there were no observed blanching responses on the Imiquimod alone treated test sites. Differences between the mean blanching responses for the three treatment regimens were then determined and analyzed by a paired sample test analysis.
Based on hemoglobin-indices determined with the DermoSpectrometer at each follow-up visit, blanching responses over time were more favorable for PDLþ Imiquimod as compared to PDL alone ( Photographs were also taken of the test sites 12 months after PDL. Representative photographs presented in Figures 1-3 demonstrate the enhanced blanching response obtained on some of the test sites treated with PDLþ Imiquimod as compared to PDL alone.
Safety was evaluated for each test site by searching for any abnormal wound healing (blistering, scabbing, erosion), scarring, dyspigmentation, or allergy to Imiquimod cream. Transient hyperpigmentation was noted in 10% (n ¼ 2) and 40% (n ¼ 8) of subjects on the PDLþImiquimod and PDL alone test sites, respectively. On all sites, hyperpigmentation resolved spontaneously without medical All subjects received each of the three treatment regimens: (A) PDL þ Imiquimod; (B) PDL alone; and (C) Imiquimod alone. a Pre-PDL values represent the mean hemoglobin-indices for all 20 subjects based on measurement on each lesion before assignment of test sites to one of the three treatment regimens. Every effort was made to place the test sites on optically uniform areas of the PWS. *P < 0.05. intervention within 6 months. Abnormal wound healing or scarring was not observed on any test site. One patient did report very minor symptoms of itching and burning on the PDLþImiquimod and Imiquimod alone test sites one week after beginning the daily topical application of the medication. However, this patient was able to complete the 1 month course of topical Imiquimod without any disruption in the daily treatment regimen for the following 3 weeks. The patient's symptoms, believed to be most consistent with a minor allergic reaction, resolved completely within 1 week after topical Imiquimod was withdrawn.
DISCUSSION
The standard treatment for PWS is the PDL, which induces photocoagulation of the subsurface-targeted blood vessels. However, the laser-induced wound healing response of human skin to treatment often results in reformation of PWS blood vessels within 1 month after exposure. The perplexing clinical results achieved after PWS laser therapy raise the following question: can the wound healing response of human skin after laser therapy be modulated? Preliminary studies have suggested that the application of a topical angiogenesis inhibitor might suppress the reformation and reperfusion of blood vessels previously disrupted by photothermolysis [16] . The scientific rationale for this approach is that the combined use of PDL to induce PWS blood vessel injury, and an inhibitor to prevent PWS blood vessel reformation and recanalization after laser therapy, will improve PWS lesion blanching. Herein, the combined use of PDL to induce PWS blood vessel injury, and Imiquimod to prevent PWS blood vessel reformation and recanalization after laser therapy, was evaluated in this pilot study. Based on hemoglobin-indices determined by the DermoSpectrometer (Table 1) It is currently unknown if there are any risks related to the combined use of PDLþImiquimod other than the known reasonable risks associated with treatment using either modality alone. The reasonable risks of PDL exposure are include: swelling, pain and discomfort, abnormal wound healing (erosion, crusting), scarring, and skin dyspigmentation. The reasonable risks of topical Imiquimod are include: skin redness, peeling, flaking, swelling, itching/ burning, scabbing, crusting, blistering, ulceration, and acute allergic reaction.
Transient hyperpigmentation was noted in 10% (n ¼ 2) and 40% (n ¼ 8) of subjects on the PDLþImiquimod and PDL alone test sites, respectively. The lower incidence of hyperpigmentation seen in the PDLþImiquimod group may be due to the chemopreventive properties of Imiquimod itself. On all sites, hyperpigmentation resolved spontaneously without any medical intervention in all subjects within 6 months. Permanent hypopigmentation or scarring was not observed on any test site. One patient may have had a minor allergic reaction to topical Imiquimod, which resolved spontaneously when the medication was withdrawn.
In summary, the results of this pilot study demonstrated that the combined use of PDLþImiquimod resulted in superior blanching responses over time as compared to PDL alone or Imiquimod alone for treatment of test sites on PWS lesions. The combined PDLþImiquimod approach was found to be safe.
Although the PDLþImiquimod approach is intriguing, clinical validation in large numbers of PWS patients is required. Prospective, comparative and controlled clinical studies conducted by experienced investigators on a multicenter basis against accepted treatment regimens are required so that the role of topically applied Imiquimod in conjunction with PDL therapy of PWS may be fully defined. It has also been well documented that there can be anatomical variation in terms of PWS response to laser therapy [9] . For example, the central face does not respond as completely or to laser therapy as the lateral face. Thus, future studies evaluating the effectiveness and possible PWS recurrence following PDLþImiquimod should take into account anatomical variation of the response to treatment. Finally, because some PWS redarkening did occur presumably due to revascularization of the blood vessels, consideration should be given to using Imiquimod for longer periods of time than 1 month following PDL. However, should longer term daily dosing of Imiquimod be considered, patients should be closely followed for the development of systemic influenza-like signs and symptoms, such as malaise, fever, nausea, myalgias and rigors, which may accompany, or even precede, local inflammatory reactions. Localized hypo-and hyper-pigmentation have been reported following extended use of topical Imiquimod and these skin color changes may be permanent in some patients [www.fda.gov/medwatch/ safety/2005/aug _ PI/Aldara _ PI.pdf].
